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Abstract
In this paper we present the renormalization group equations to one-loop order for
all the parameters of two supersymmetric left-right theories that are softly broken. Both
models are based upon the gauge group SU(3)c × SU(2)L × SU(2)R ×U(1)B−L and both
contain an arbitrary number of bidoublets as well as singlets; however, one model uses
doublets to break SU(2)R and the other uses triplets.
1 Introduction
The recent discovery of oscillating neutrinos (implying that neutrinos are massive) has created
definitive experimental evidence of a flaw in the standard model. This flaw can be rectified
by adding an SU(2)R group to the standard model group structure. This will allow for a
Dirac mass term for the neutrinos and will also provide a Majorona mass term for the right
handed neutrino via the seesaw mechanism [1] when SU(2)R is broken. These extensions are
called left-right [2–9] and they can also be imbedded in supersymmetry. With SUSY, the
models are dubbed SUSYLR [10–16] and contain the attractive features of the supersymmetric
standard model (e.g. providing a solution for the hierarchy problem and allowing for gauge
coupling unification [17]). SUSYLR models have the additional appealing characteristics of
solving the strong CP problem [18–23] , asymptotic parity invariance and automatic R-Parity
Conservation [24–29].
The parameters in these models are written down at a high scale of new physics such as the
GUT or Planck scale. In order to make predictions at lower energy levels, renormalization group
equations (RGEs) must be calculated for these parameters, and their values extrapolated to the
energy realm of current experiments. In this paper the RGEs for two instances of left-right
models are presented (non-SUSY Triplet left-right model equations can be found in [31]). These
equations were calculated to one loop order using the general N=1 supersymmetry RGEs given
in [30, 32] and agree (after accounting for the absence of SU(2)R) with the subset previously
published in [33]. The following equations represent a completion and extension of those RGEs,
and provide a valuable tool for extrapolating down from higher scale physics to the scale of
SU(2)R breaking – at which point the model contains the MSSM and all couplings of interest
can be extrapolated using the RGEs of the MSSM found in [32].
The two models used in this paper differ in their SU(2)R breaking fields: one uses SU(2)R
doublets and the other SU(2)R triplets. Theoretical consequences of these models can be found
1
in various papers including [10–13,34] and [16,35] respectively. In section 2 we will present the
doublet model starting with the specifics and continuing with the RGEs. In Section 3 we will
follow a similar format for the triplet model.
2 Doublet Model
2.1 Particle Content
In Table 1 is the particle content for the doublet implementation of SUSYLR and the
particle representations under the non-abelian gauge groups. The particle quantum numbers
are stated for the U(1)B−L gauge group (The B − L number used in the RGEs follows the
GUT normalization scheme; the values in the table do not. To get the GUT-normalized value,
multiply the number in the table by
√
3/8).
SU(3)c × SU(2)L × SU(2)R × U(1)B−L
Q 3 2 1 +1
3
Qc 3 1 2 −1
3
L 1 2 1 −1
Lc 1 1 2 +1
Φa 1 2 2 0
χ 1 2 1 +1
χc 1 1 2 −1
χ¯ 1 2 1 −1
χ¯c 1 1 2 +1
Sα 1 1 1 0
Table 1: This table shows the representations for the non-abelian gauge groups and the B − L
number for U(1)
The Q and L are the quark and lepton fields of the MSSM and Qc and Lc are the equivalent
SU(2)R fields. In order to keep this model general, we allow for an arbitrary amount of singlet
fields, nS and so in S
α, α = 1 . . . nS. Likewise there are nΦ bidoublet fields and so in Φa,
a = 1 . . . nΦ. Note that while including one Φ bidoublet does give mass to the fermions, it
does not produce quark mixings at tree level (thus another method is required for VCKM 6= 1 –
see, for instance [35]) and so most models set nΦ = 2. The SU(2) doublets and bidoublets are
represented in the following manner (with color and generational indices suppressed):
Q =
(
u
d
)
Qc =
(
dc
−uc
)
Φa =
(
φ0d a φ
+
ua
φ−da φ
0
u a
)
Here Q and Qc are used as an example for any SU(2) doublet pair. The other doublets can
be written in a similar fashion where the charges of the fields must obey the equation Q =
2
IL3+IR3+
B−L
2
Where IL3 and IR3 are the third component of the SU(2)L and SU(2)R quantum
numbers.
Under SU(2), these fields transform as:
Q→ ULQ Q
c → URQ
c
L→ ULL L
c → URL
c
χ→ ULχ χ
c → URχ
c
χ¯→ ULχ¯ χ¯
c → URχ¯
c
Φa → ULΦaU
†
R S
α → Sα
And their parity transformations are:
Q→ −iτ2Q
c ∗ Qc → iτ2Q∗
L→ −iτ2L
c ∗ Lc → iτ2L∗
χ→ −iτ2χ
c ∗ χc → iτ2χ∗
χ¯→ −iτ2χ¯
c ∗ χ¯c → iτ2χ¯∗
Φa → Φ
†
a S
α → Sα ∗
2.2 Superpotential and Soft Breaking Lagrangian
The most general superpotential and soft supersymmetry breaking lagrangian for this model
are:
W = ihaQ
T τ2ΦaQ
c + ih′aL
T τ2ΦaL
c + iλaχ
T τ2Φaχ
c + iλ¯aχ¯
T τ2Φaχ¯
c
+ iµαχS
αχT τ2χ¯ + iµ
α
χcS
αχcT τ2χ¯
c +
1
6
Y αβγSαSβSγ + µαabS
αTr
(
ΦTa τ2Φbτ2
)
+ iMχχ
T τ2χ¯ + iMχcχ
cT τ2χ¯
c +Mab Tr
(
ΦTa τ2Φbτ2
)
+
1
2
MαβS S
αSβ + LαSα +WNR (1)
LSB = −
1
2
(
M3g˜g˜ +MLW˜LW˜L +MRW˜RW˜R +M1B˜B˜ + h.c.
)
−
[
iAQaQ˜
T τ2ΦaQ˜c + iALaL˜
T τ2ΦaL˜c + iAλaχτ2Φaχ
c + iAλ¯aχ¯τ2Φaχ¯
c
+ iAαχS
αχτ2χ¯ + iA
α
χcS
αχcτ2χ¯
c +
1
6
AαβγS S
αSβSγ + AαΦabS
αTr
(
ΦTa τ2Φbτ2
)
+ h.c.
]
−
[
iBχχτ2χ¯+ iBχcχ
cτ2χ¯
c +Bab Tr
(
ΦTa τ2Φbτ2
)
+
1
2
Bαβs S
αSβ
]
−
[
m2QQ˜
T Q˜∗ +mQcQ˜c
†
Q˜c +m2LL˜
T L˜∗ +m2LcL˜c
†
L˜c +m2χχ
†χ +m2χcχ
c†χc
+ m2χ¯χ¯
†χ¯+m2χ¯cχ¯
c†χ¯c +m2Φab Tr
(
Φ†aΦb
)
+
(
m2S
)αβ
S∗αSβ
]
(2)
Where we have suppressed the generational and SU(2) indices. If these were to be included,
the term m2QQ˜
T Q˜∗ would be written as
(
m2Q
)j
i
Q˜jαQ˜
i
α, where the lower case english letters
3
run over generations and the greek letters run over SU(2)L index in this case. WNR denotes
non-renormalizable terms arising from higher scale physics and would include (fLτ2Lχτ2χ +
f ∗Lcτ2Lcχcτ2χc)/Mpl the term that gives rise to the seasaw mechanism, (Mpl refers to the higher
scale physics, e.g. the planck scale). Since coefficients of this form are suppressed by the scale of
higher physics, their contributions to the renormalization group equations may be ignored and
will not be included below.
By demanding parity invariance from this theory, we also find the following relations among
the parameters [18, 19, 21]: yuakawa couplings are hermitian except for µαχ and µ
α
χc, trilinear
couplings are hermitian except for Aαχ and A
α
χc , soft breaking mass terms for an SU(2)L doublet
are equal to those of the corresponding SU(2)R doublet and
µαχ = µ
α∗
χc A
α
χ = A
α∗
χc Mχ = M
∗
χc Mab =M
∗
ab M
αβ
S =M
αβ∗
S L
α = Lα∗
gL = gR M1 =M
∗
1 ML =M
∗
R M3 =M
∗
3 Bχ = B
∗
χc BΦab = B
∗
Φab B
αβ
S = B
αβ∗
S
Where gL and gR are the SU(2)L and SU(2)R gauge coupling constants, respectively.
2.3 RGEs
In this section we present our results: one loop renormalization group equations for this
model. The equations are broken up into subsections corresponding to their coupling type.
2.3.1 Gauge Couplings
16pi2
d
dt
g1 = 9g
3
1 16pi
2 d
dt
gL = (1 + nΦ)g
3
L
16pi2
d
dt
gR = (1 + nΦ)g
3
R 16pi
2 d
dt
g3 = −3g
3
3
(3)
2.3.2 Yukawa Couplings
16pi2
d
dt
ha = ha
[
2h†bhb −
1
6
g21 − 3g
2
L − 3g
2
R −
16
3
g23
]
+ hb
[
Tr
(
3h†bha + h
′†
b h
′
a
)
+ 2h†bha + λ
∗
bλa + λ¯
∗
b λ¯a + 4
(
µα†Φ µ
α
Φ
)
ba
]
(4)
16pi2
d
dt
h′a = h
′
a
[
2h′†b h
′
b −
3
2
g21 − 3g
2
L − 3g
2
R
]
+ h′b
[
Tr
(
3h†bha + h
′†
b h
′
a
)
+ 2h′†b h
′
a + λ
∗
bλa + λ¯
∗
b λ¯a + 4
(
µα†Φ µ
α
Φ
)
ba
]
(5)
16pi2
d
dt
λa = λa
[
µα∗χ µ
α
χ + µ
α∗
χcµ
α
χc + 4λ
∗
bλb −
3
2
g21 − 3g
2
L − 3g
2
R
]
+ λb
[
Tr
(
3h†bha + h
′†
b h
′
a
)
+ λ∗bλa + λ¯
∗
b λ¯a + 4
(
µα†Φ µ
α
Φ
)
ba
]
(6)
16pi2
d
dt
λ¯a = λ¯a
[
µα∗χ µ
α
χ + µ
α∗
χcµ
α
χc + 4λ¯
∗
b λ¯b −
3
2
g21 − 3g
2
L − 3g
2
R
]
+ λ¯b
[
Tr
(
3h†bha + h
′†
b h
′
a
)
+ λ∗bλa + λ¯
∗
b λ¯a + 4
(
µα†Φ µ
α
Φ
)
ba
]
(7)
4
16pi2
d
dt
µαχ = µ
α
χ
[
2λ∗aλa + 2λ¯
∗
aλ¯a + 2µ
β∗
χ µ
β
χ −
3
2
g21 − 3g
2
L
]
+ µβχ
[
2µβ∗χ µ
α
χ + 2µ
β∗
χcµ
α
χc +
1
2
(
Y βγδ
)∗
Y αγδ + 8Tr
(
µβ†Φ µ
α
Φ
) ]
(8)
16pi2
d
dt
µαχc = µ
α
χc
[
2λ∗aλa + 2λ¯
∗
aλ¯a + 2µ
β∗
χcµ
β
χc −
3
2
g21 − 3g
2
R
]
+ µβχc
[
2µβ∗χ µ
α
χ + 2µ
β∗
χcµ
α
χc +
1
2
(
Y βµν
)∗
Y αµν + 8Tr
(
µβ†Φ µ
α
Φ
) ]
(9)
16pi2
d
dt
Y αβγ = Y αβρ
[
2µρ∗χ µ
γ
χ + 2µ
ρ∗
χcµ
γ
χc +
1
2
(Y ρµν)∗Y γµν + 8Tr
(
µρ†Φ µ
γ
Φ
) ]
+ Y γβρ
[
2µρ∗χ µ
α
χ + 2µ
ρ∗
χcµ
α
χc +
1
2
(Y ρµν)∗Y αµν + 8Tr
(
µρ†Φ µ
α
Φ
) ]
+ Y γαρ
[
2µρ∗χ µ
β
χ + 2µ
ρ∗
χcµ
β
χc +
1
2
(Y ρµν)∗Y βµν + 8Tr
(
µρ†Φ µ
β
Φ
) ]
(10)
16pi2
d
dt
µαΦab = µ
α
Φac
[
Tr
(
3h†chb + h
′†
c h
′
b
)
+ λ∗cλb + λ¯
∗
cλ¯b + 4
(
µβ†Φ µ
β
Φ
)
cb
]
+
[
Tr
(
3hah
†
c + h
′
ah
′†
c
)
+ λaλ
∗
c + λ¯aλ¯
∗
c + 4
(
µβΦµ
β†
Φ
)
ac
]
µαΦcb
+ µβΦab
[
2µβ∗χ µ
α
χ + 2µ
β∗
χcµ
α
χc +
1
2
(
Y βµν
)∗
Y αµν + 8Tr
(
µβ†Φ µ
α
Φ
) ]
−µαΦab
(
3g2L + 3g
2
R
)
(11)
2.3.3 Mass Couplings
16pi2
d
dt
Mχ = Mχ
[
2λ∗aλa + 2λ¯
∗
aλ¯a + 2µ
α∗
χ µ
α
χ −
3
2
g21 − 3g
2
L
]
(12)
16pi2
d
dt
Mχc = Mχc
[
2λ∗aλa + 2λ¯
∗
aλ¯a + 2µ
α∗
χcµ
α
χc −
3
2
g21 − 3g
2
R
]
(13)
16pi2
d
dt
MΦab = MΦac
[
Tr
(
3h†chb + h
′†
c h
′
b
)
+ λ∗cλb + λ¯
∗
c λ¯b + 4
(
µα†Φ µ
α
Φ
)
cb
]
+
[
Tr
(
3hah
†
c + h
′
ah
′†
c
)
+ λaλ
∗
c + λ¯aλ¯
∗
c + 4
(
µαΦµ
α†
Φ
)
ac
]
MΦcb
+MΦab
(
−3g2L − 3g
2
R
)
(14)
16pi2
d
dt
Mαβs = M
αρ
s
[
2µρ∗χcµ
β
χc + 2µ
ρ∗
χ µ
β
χ +
1
2
(Y ρµν)∗Y βµν + 8Tr
(
µρ†Φ µ
β
Φ
) ]
+Mβρs
[
2µρ∗χcµ
α
χc + 2µ
ρ∗
χ µ
α
χ +
1
2
(Y ρµν)∗Y αµν + 8Tr
(
µρ†Φ µ
α
Φ
) ]
(15)
2.3.4 Linear Term
16pi2
d
dt
Lα = Lβ
[
2µβ∗χcµ
α
χc + 2µ
β∗
χ µ
α
χ +
1
2
(
Y βµν
)∗
Y αµν + 8Tr
(
µβ†Φ µ
α
Φ
) ]
(16)
5
2.3.5 Gaugino Masses
16pi2
d
dt
M1 = 18M1g
2
1 16pi
2 d
dt
gL = 2(1 + nΦ)MLg
2
L
16pi2
d
dt
gR = 2(1 + nΦ)MRg
2
R 16pi
2 d
dt
g3 = −6M3g
2
3
(17)
2.3.6 Soft Breaking Trilinear A’s
16pi2
d
dt
AQa = AQa
[
2h†bhb −
1
6
g21 − 3g
2
L − 3g
2
R −
16
3
g23
]
+ ha
[
4h†bAQb +
1
3
M1g
2
1 + 6MLg
2
L + 6MRg
2
R +
32
3
M3g
2
3
]
+ hb
[
2h†bAQa + Tr
(
6h†bAQa + 2h
′†
b ALa
)
+ 2λ∗bAλa + 2λ¯
∗
bAλ¯a + 8
(
µα†Φ A
α
Φ
)
ba
]
+ AQb
[
4h†bha + Tr
(
3h†bha + h
′†
b h
′
a
)
+ λ∗bλa + λ¯
∗
b λ¯a + 4
(
µα†Φ µ
α
Φ
)
ba
]
(18)
16pi2
d
dt
ALa = ALa
[
2h′†b h
′
b −
3
2
g21 − 3g
2
L − 3g
2
R
]
+ h′a
[
4h′†b ALb + 3M1g
2
1 + 6MLg
2
L + 6MRg
2
R
]
+ h′b
[
2h′†b ALa + Tr
(
6h†bAQa + 2h
′†
b ALa
)
+ 2λ∗bAλa + 2λ¯
∗
bAλ¯a + 8
(
µα†Φ A
α
Φ
)
ba
]
+ ALb
[
4h′†b h
′
a + Tr
(
3h†bha + h
′†
b h
′
a
)
+ λ∗bλa + λ¯
∗
b λ¯a + 4
(
µα†Φ µ
α
Φ
)
ba
]
(19)
16pi2
d
dt
Aλa = Aλa
[
4λ∗bλb + µ
α∗
χ µ
α
χ + µ
α∗
χcµ
α
χc −
3
2
g21 − 3g
2
L − 3g
2
R
]
+ λa
[
8λ∗bAλb + 2µ
α∗
χ A
α
χ + 2µ
α∗
χcA
α
χc + 3M1g
2
1 + 6MLg
2
L + 6MRg
2
R
]
+ Aλb
[
Tr
(
3h†bha + h
′†
b h
′
a
)
+ λ∗bλa + λ¯
∗
b λ¯a + 4
(
µα†Φ µ
α
Φ
)
ba
]
+ λb
[
Tr
(
6h†bAQa + 2h
′†
b ALa
)
+ 2λ∗bAλa + 2λ¯
∗
bAλ¯a + 8
(
µα†Φ A
α
Φ
)
ba
]
(20)
16pi2
d
dt
Aλ¯a = Aλ¯a
[
4λ¯∗b λ¯b + µ
α∗
χ µ
α
χ + µ
α∗
χcµ
α
χc −
3
2
g21 − 3g
2
L − 3g
2
R
]
+ λ¯a
[
8λ¯∗bAλ¯b + 2µ
α∗
χ A
α
χ + 2µ
α∗
χcA
α
χc + 3M1g
2
1 + 6MLg
2
L + 6MRg
2
R
]
+ Aλ¯b
[
Tr
(
3h†bha + h
′†
b h
′
a
)
+ λ∗bλa + λ¯
∗
b λ¯a + 4
(
µα†Φ µ
α
Φ
)
ba
]
+ λ¯b
[
Tr
(
6h†bAQa + 2h
′†
b ALa
)
+ 2λ∗bAλa + 2λ¯
∗
bAλ¯a + 8
(
µα†Φ A
α
Φ
)
ba
]
(21)
16pi2
d
dt
Aαχ = A
α
χ
[
2λ∗aλa + 2λ¯
∗
aλ¯a + 2µ
β∗
χ µ
β
χ −
3
2
g21 − 3g
2
L
]
+ µαχ
[
4λ∗aAλa + 4λ¯
∗
aAλ¯a + 4µ
β∗
χ A
β
χ + 3M1g
2
1 + 6MLg
2
L
]
+ Aβχc
[
2µβ∗χ µ
α
χ + 2µ
β∗
χcµ
α
χc +
1
2
(
Y βµν
)∗
Y αµν + 8Tr
(
µβ†Φ µ
α
Φ
) ]
+ µβχ
[
4µβ∗χ A
α
χ + 4µ
β∗
χcA
α
χc +
(
Y βµν
)∗
AαµνS + 16Tr
(
µβ†Φ A
α
Φ
) ]
(22)
6
16pi2
d
dt
Aαχc = A
α
χc
[
2λ∗aλa + 2λ¯
∗
aλ¯a + 2µ
β∗
χcµ
β
χc −
3
2
g21 − 3g
2
R
]
+ µαχc
[
4λ∗aAλa + 4λ¯
∗
aAλ¯a + 4µ
β∗
χcA
β
χc + 3M1g
2
1 + 6MRg
2
R
]
+ Aβχc
[
2µβ∗χ µ
α
χ + 2µ
β∗
χcµ
α
χc +
1
2
(
Y βµν
)∗
Y αµν + 8Tr
(
µβ†Φ µ
α
Φ
) ]
+ µβχc
[
4µβ∗χ A
α
χ + 4µ
β∗
χcA
α
χc +
(
Y βµν
)∗
AαµνS + 16Tr
(
µβ†Φ A
α
Φ
) ]
(23)
16pi2
d
dt
AαβγS = A
αβρ
S
[
2µρ∗χ µ
γ
χ + 2µ
ρ∗
χcµ
γ
χc +
1
2
(Y ρµν)∗Y γµν + 8Tr
(
µρ†Φ µ
γ
Φ
) ]
+ Y αβρ
[
4µρ∗χ A
γ
χ + 4µ
ρ∗
χcA
γ
χc + (Y
ρµν)∗AγµνS + 16Tr
(
µρ†ΦA
γ
Φ
) ]
+ AγβρS
[
2µρ∗χ µ
α
χ + 2µ
ρ∗
χcµ
α
χc +
1
2
(Y ρµν)∗Y αµν + 8Tr
(
µρ†Φ µ
α
Φ
) ]
+ Y γβρ
[
4µρ∗χ A
α
χ + 4µ
ρ∗
χcA
α
χc + (Y
ρµν)∗AαµνS + 16Tr
(
µρ†ΦA
α
Φ
) ]
+ AγαρS
[
2µρ∗χ µ
β
χ + 2µ
ρ∗
χcµ
β
χc +
1
2
(Y ρµν)∗Y βµν + 8Tr
(
µρ†Φ µ
β
Φ
) ]
+ Y γαρ
[
4µρ∗χ A
β
χ + 4µ
ρ∗
χcA
β
χc + (Y
ρµν)∗AβµνS + 16Tr
(
µρ†ΦA
β
Φ
) ]
(24)
16pi2
d
dt
AαΦab = A
α
Φac
[
Tr
(
3h†chb + h
′†
c h
′
b
)
+ λ∗cλb + λ¯
∗
c λ¯b + 4
(
µβ†Φ µ
β
Φ
)
cb
]
+ µαΦac
[
Tr
(
6h†cAQb + 2h
′†
c ALb
)
+ 2λ∗cAλb + 2λ¯
∗
cAλ¯b + 8
(
µβ†Φ A
β
Φ
)
cb
]
+
[
Tr
(
3hah
†
c + h
′
ah
′†
c
)
+ λaλ
∗
c + λ¯aλ¯
∗
c + 4
(
µβΦµ
β†
Φ
)
ac
]
AαΦcb
+
[
Tr
(
6AQah
†
c + 2ALah
′†
c
)
+ 2Aλaλ
∗
c + 2Aλ¯aλ¯
∗
c + 8
(
AβΦµ
β†
Φ
)
ac
]
µαΦcb
+ AβΦab
[
2µβ∗χ µ
α
χ + 2µ
β∗
χcµ
α
χc +
1
2
(
Y βµν
)∗
Y αµν + 8Tr
(
µβ†Φ µ
α
Φ
) ]
+ µβΦab
[
4µβ∗χ A
α
χ + 4µ
β∗
χcA
α
χc +
(
Y βµν
)∗
AαµνS + 16Tr
(
µβ†Φ A
α
Φ
) ]
− AαΦab
(
+3g2L + 3g
2
R
)
+ µαΦab
(
6MLg
2
L + 6MRg
2
R
)
(25)
2.3.7 Soft Breaking Bilinear B’s
16pi2
d
dt
Bχ = Bχ
[
2λ∗aλa + 2λ¯
∗
aλ¯a + 2µ
α∗
χ µ
α
χ −
3
2
g21 − 3g
2
L
]
+Mχ
[
4λ∗aAλa + 4λ¯
∗
aAλ¯a + 4µ
α∗
χ A
α
χ + 3M1g
2
1 + 6MLg
2
L
]
+ µαχ
[
4µα∗χ Bχ + 4µ
α∗
χcBχc + (Y
αµν)∗BµνS + 16Tr
(
µα†Φ BΦ
) ]
(26)
16pi2
d
dt
Bχc = Bχc
[
2λ∗aλa + 2λ¯
∗
aλ¯a + 2µ
α∗
χcµ
α
χc −
3
2
g21 − 3g
2
R
]
+Mχc
[
4λ∗aAλa + 4λ¯
∗
aAλ¯a + 4µ
α∗
χcA
α
χc + 3M1g
2
1 + 6MRg
2
R
]
+ µαχc
[
4µα∗χ Bχ + 4µ
α∗
χcBχc + (Y
αµν)∗BµνS + 16Tr
(
µα†Φ BΦ
) ]
(27)
7
16pi2
d
dt
BΦab = BΦac
[
Tr
(
3h†chb + h
′†
c h
′
b
)
+ λ∗cλb + λ¯
∗
cλ¯b + 4
(
µα†Φ µ
α
Φ
)
cb
]
+MΦac
[
Tr
(
6h†cAQb + 2h
′†
c ALb
)
+ 2λ∗cAλb + 2λ¯
∗
cAλ¯b + 8
(
µβ†Φ A
β
Φ
)
cb
]
+ µαΦab
[
4µα∗χ Bχ + 4µ
α∗
χcBχc + (Y
αµν)∗BµνS + 16Tr
(
µα†Φ BΦ
) ]
+
[
Tr
(
3hah
†
c + h
′
ah
′†
c
)
+ λaλ
∗
c + λ¯aλ¯
∗
c + 4
(
µαΦµ
α†
Φ
)
ac
]
BΦcb
+
[
Tr
(
6AQah
†
c + 2ALah
′†
c
)
+ 2Aλaλ
∗
c + 2Aλ¯aλ¯
∗
c + 8
(
AαΦµ
α†
Φ
)
ac
]
MΦcb
− BΦab
(
3g2L + 3g
2
R
)
+MΦab
(
6MLg
2
L + 6MRg
2
R
)
(28)
16pi2
d
dt
BαβS = B
αρ
S
[
2µρ∗χ µ
β
χ + 2µ
ρ∗
χcµ
β
χc +
1
2
(Y ρµν)∗Y βµν + 8Tr
(
µρ†Φ µ
β
Φ
) ]
+MαρS
[
4µρ∗χ A
β
χ + 4µ
ρ∗
χcA
β
χc + (Y
ρµν)∗AβµνS + 16Tr
(
µρ†ΦA
β
Φ
) ]
+ Y αβρ
[
4µρ∗χ Bχ + 4µ
ρ∗
χcBχc + (Y
ρµν)∗BµνS + 16Tr
(
µρ†ΦBΦ
) ]
+
[
2µαχµ
ρ∗
χ + 2µ
α
χcµ
ρ∗
χc +
1
2
Y αµν(Y ρµν)∗ + 8Tr
(
µαΦµ
ρ†
Φ
) ]
BρβS
+
[
4Aαχµ
ρ∗
χ + 4A
α
χcµ
ρ∗
χc + A
αµν
S (Y
ρµν)∗ + 16Tr
(
AαΦµ
ρ†
Φ
) ]
MρβS (29)
2.3.8 Soft Breaking Masses
For convience, we define the quantity:
S2 ≡ 4
[
Tr
(
m2Q −m
2
Qc −m
2
L +m
2
Lc
)
+m2χ −m
2
χc +m
2
χ¯c −m
2
χ¯
]
(30)
Which is used in the soft breaking mass equations below.
16pi2
d
dt
m2Q = 2m
2
Qhah
†
a + ha
(
2h†am
2
Q + 4m
2
Qch
†
a + 4m
2
Φabh
†
b
)
+ 4AQaA
†
Qa
−
1
3
M1M
†
1g
2
1 − 6MLM
†
Lg
2
L −
32
3
M3M
†
3g
2
3 +
1
8
g21S2 (31)
16pi2
d
dt
m2Qc = 2m
2
Qch
†
aha + h
†
a
(
2ham
2
Qc + 4m
2
Qha + 4hbm
2
Φba
)
+ 4A†QaAQa
−
1
3
M1M
†
1g
2
1 − 6MRM
†
Rg
2
R −
32
3
M3M
†
3g
2
3 −
1
8
g21S2 (32)
16pi2
d
dt
m2L = 2m
2
Lh
′
ah
′†
a + h
′
a
(
2h′†am
2
L + 4m
2
Lch
′†
a + 4m
2
Φabh
′†
b
)
+ 4ALaA
†
La
− 3M1M
†
1g
2
1 − 6MLM
†
Lg
2
L −
3
8
g21S2 (33)
16pi2
d
dt
m2Lc = 2m
2
Lch
′†
a h
′
a + h
′†
a
(
2h′am
2
Lc + 4m
2
Lh
′
a + 4h
′
bm
2
Φba
)
+ 4A†LaALa
− 3M1M
†
1g
2
1 − 6MRM
†
Rg
2
R +
3
8
g21S2 (34)
8
16pi2
d
dt
m2χ = λa
[
4m2χλ
∗
a + 4m
2
χcλ
∗
a + 4m
2
Φabλ
∗
b
]
+ µαχ
[
2m2χµ
α∗
χ + 2m
2
χ¯µ
α∗
χ + 2
(
m2S
)αβ
µβ∗χ
]
+ 4A∗λaAλa + 2A
α∗
χ A
α
χ − 3M1M
†
1g
2
1 − 6MLM
†
Lg
2
L +
3
8
g21S2 (35)
16pi2
d
dt
m2χ¯ = λ¯a
[
4m2χ¯λ¯
∗
a + 4m
2
χ¯cλ¯
∗
a + 4m
2
Φabλ¯
∗
b
]
+ µαχ
[
2m2χ¯µ
α∗
χ + 2m
2
χµ
α∗
χ + 2
(
m2S
)αβ
µβ∗χ
]
+ 4A∗¯λaAλ¯a + 2A
α∗
χ A
α
χ − 3M1M
†
1g
2
1 − 6MLM
†
Lg
2
L −
3
8
g21S2 (36)
16pi2
d
dt
m2χc = λ
∗
a
[
4m2χcλa + 4m
2
χλa + 4m
2
Φbaλb
]
+ µα∗χc
[
2m2χcµ
α
χc + 2m
2
χ¯cµ
α
χc + 2µ
β
χc
(
m2S
)βα ]
+ 4A∗λaAλa + 2A
α∗
χcA
α
χc − 3M1M
†
1g
2
1 − 6MRM
†
Rg
2
R −
3
8
g21S2 (37)
16pi2
d
dt
m2χ¯c = λ¯
∗
a
[
4m2χ¯cλ¯a + 4m
2
χ¯λ¯a + 4m
2
Φbaλ¯b
]
+ µα∗χc
[
2m2χ¯cµ
α
χc + 2m
2
χcµ
α
χc + 2µ
β
χc
(
m2S
)βα ]
+ 4A∗¯λaAλ¯a + 2A
α∗
χcA
α
χc − 3M1M
†
1g
2
1 − 6MRM
†
Rg
2
R +
3
8
g21S2 (38)
16pi2
d
dt
(
m2S
)αβ
=
(
m2S
)αρ [
2µρ∗χcµ
β
χc + 2µ
ρ∗
χ µ
β
χ +
1
2
(Y ρµν)∗Y βµν + 8Tr
(
µρρΦ µ
β
Φ
) ]
+
[
2µα∗χcµ
ρ
χc + 2µ
α∗
χ µ
ρ
χ +
1
2
(Y αµν)∗Y ρµν + 8Tr
(
µα†Φ µ
ρ
Φ
) ] (
m2S
)ρβ
+ 4µα∗χ µ
β
χ
(
m2χ¯ +m
2
χ
)
+ 4µα∗χcµ
β
χc
(
m2χ¯c +m
2
χc
)
+ 2(Y αρµ)∗Y βρν
(
m2S
)νµ
+ 32Tr
(
µβΦm
2
Φµ
α†
Φ
)
+ 4Aα∗χ A
β
χ
+ 4Aα∗χcA
β
χc + (A
αµν
S )
∗
AβµνS + 16Tr
(
Aα†Φ A
β
Φ
)
(39)
16pi2
d
dt
m2Φab = m
2
Φac
[
Tr
(
3h†chb + h
′†
c h
′
b
)
+ λ∗cλb + λ¯
∗
cλ¯b + 4
(
µα†Φ µ
α
Φ
)
cb
]
+
[
Tr
(
3h†ahc + h
′†
a h
′
c
)
+ λ∗aλc + λ¯
∗
aλ¯c + 4
(
µα†Φ µ
α
Φ
)
ac
]
m2Φcb
+ Tr
[
6h†ahbm
2
Qc + 6h
†
am
2
Qhb + 2h
′†
a h
′
bm
2
Lc + 2h
′†
am
2
Lh
′
b + 6A
†
QaAQb + 2A
†
LaALb
]
+
[
8µα†Φ
(
m2Φ
)∗
µαΦ + 8µ
α†
Φ µ
β
Φ
(
m2S
)βα
+ 8Aα†Φ A
α
Φ − 6MLM
†
Lg
2
L − 6MRM
†
Rg
2
R
]
ab
+ 2λ∗aλb
(
m2χc +m
2
χ
)
+ 2λ¯∗aλ¯b
(
m2χ¯c +m
2
χ¯
)
+ 2A∗λaAλb + 2A
∗¯
λaAλ¯b (40)
3 Concerning Triplets
3.1 Particle Content & Quantum Numbers
Table 2 shows the various particles of the triplet version of the SUSYLR model and their
representations – except for the U(1)B−L group where the B − L number is given (The B − L
number used in the RGEs follows the GUT normalization scheme; the values in the table do
not. To get the GUT-normalized value, multiply the number in the table by
√
3/8).
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SU(3)c × SU(2)L × SU(2)R × U(1)B−L
Q 3 2 1 +1
3
Qc 3 1 2 −1
3
L 1 2 1 −1
Lc 1 1 2 +1
Φa 1 2 2 0
∆ 1 3 1 +2
∆c 1 1 3 −2
∆¯ 1 3 1 −2
∆¯c 1 1 3 +2
Sα 1 1 1 0
Table 2: This table shows the representations for the non-abelian gauge groups and the B − L
number for U(1). The B−L number as presented needs to be normalized; when using the GUT
normalization (as this paper does), this means multiplying it by
√
3/8
The Q and the L are the standard quarks and leptons of the MSSM while the Qc and Lc
contain the corresponding right-handed conjugate fields. In order to keep this model general,
we allow for an arbitrary number of singlet fields and bidoublet fields. These values are nS and
nΦ, respectively. Thus, for S
α, we have α = 1, 2, . . . , nS; for Φa, we have a = 1, 2, . . . , nΦ. (for
further comments on nΦ see section 2.1).
For the following work the particles have been chosen to have the form shown below, where
the Q and the Qc fields serve as templates to construct the other SU(2) doublets (note that
the color and generations have been supressed here). The charge is determined by the equation
Q = I3L + I3R +
B−L
2
and the standard I3 ordering is used (row one has the highest I3 value,
row two the next highest, etc).
Q =
(
u
d
)
Qc =
(
dc
−uc
)
∆ =

 δ+√2 δ++
δ0 − δ
+√
2

 ∆c =

 − δc−√2 −δc0
−δc−− δ
c−√
2


∆¯ =

 δ¯−√2 δ¯0
δ¯−− − δ¯
−√
2

 ∆¯c =

 − δ¯c+√2 −δ¯c++
−δ¯c0 δ¯
c+√
2


Φa =
(
φ0d a φ
+
ua
φ−da φ
0
u a
)
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These fields transform under SU(2) as
Q→ ULQ Q
c → URQ
c
L→ ULL L
c → URL
c
∆→ UL∆U
†
L ∆
c → UR∆
cU †R
∆¯→ UL∆¯U
†
L ∆¯
c → UR∆¯
cU †R
Φa → ULΦaU
†
R S
α → Sα
and under Parity as
Q→ −iτ2Q
c ∗ Qc → iτ2Q∗
L→ −iτ2L
c ∗ Lc → iτ2L∗
∆→ τ2∆
c ∗τ2 ∆c → τ2∆∗τ2
∆¯→ τ2∆¯
c ∗τ2 ∆¯c → τ2∆¯∗τ2
Φa → Φ
†
a S
α → Sα ∗
3.2 Superpotential and Soft Breaking Lagrangian
With the transformations and representations given above, the most general superpotential and
soft breaking terms are
W = ihaQ
T τ2ΦaQ
c + ih′aL
T τ2ΦaL
c + ifLT τ2∆L+ ifcL
cT τ2∆
cLc
+ M∆ Tr
(
∆∆¯
)
+M∆c Tr
(
∆c∆¯c
)
+MΦab Tr
(
ΦTa τ2Φbτ2
)
+ µα∆S
αTr
(
∆∆¯
)
+ µα∆cS
αTr
(
∆c∆¯c
)
+ µαΦabS
αTr
(
ΦTa τ2Φbτ2
)
+
1
6
Y αβγSαSβSγ +
1
2
MαβS S
αSβ + LαSα (41)
− LSB =
1
2
(
M3g˜g˜ +MLW˜LW˜L +MRW˜RW˜R +M1B˜B˜ + h.c.
)
+
[
iAQaQ˜
T τ2ΦaQ˜c + iALaL˜
T τ2ΦaL˜c + iAf L˜
T τ2∆L˜
+ iAfcL˜c
T
τ2∆
cL˜c + Aα∆S
αTr
(
∆∆¯
)
+ Aα∆cS
αTr
(
∆c∆¯c
)
+ AαΦabS
αTr
(
ΦTa τ2Φbτ2
)
+
1
6
AαβγS S
αSβSγ + h.c.
]
+
[
B∆Tr
(
∆∆¯
)
+B∆c Tr
(
∆c∆¯c
)
+BΦab Tr
(
ΦTa τ2Φbτ2
)
+
1
2
BαβS S
αSβ + h.c.
]
+
[
m2QQ˜
T Q˜∗ +m2QcQ˜c
†
Q˜c +m2LL˜
T L˜∗ +m2LcL˜c
†
L˜c
+m2∆ Tr
(
∆†∆
)
+m2∆¯ Tr
(
∆¯†∆¯
)
+m2∆c Tr
(
∆c †∆c
)
+m2∆¯c Tr
(
∆¯c †∆¯c
)
+m2Φab Tr
(
Φ†aΦb
)
+
(
m2S
)αβ
(Sα)∗Sβ
]
(42)
where the generational and color indices have been supressed and the transposes and τ2’s belong
to SU(2). Thus the first term in W is actually
i (ha)
j
k
(
ujA djA
)
τ2Φa
(
dc kA
−uc kA
)
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with the lowercase latin indicies specifying the generation and the uppercase latin indices spec-
ifying color.
By demanding parity invariance from this theory, we also find the following relations among
the parameters [18, 19, 21]: soft breaking mass terms for an SU(2)L doublet are equal to those
of the corresponding SU(2)R doublet and
ha = h
†
a h
′
a = h
′†
a f = f
∗
c µ
α
∆ = µ
α∗
∆c
µΦab = µ
∗
Φab M∆ =M
∗
∆c MΦab =M
∗
Φab M
αβ
S = M
αβ∗
S
Lα = Lα∗ M1 =M∗1 ML =M
∗
R M3 =M
∗
3
gL = gR B∆ = B
∗
∆c BΦab = B
∗
Φab B
αβ
S = B
αβ∗
S
Where gL and gR are the SU(2)L and SU(2)R coupling constants, respectively.
3.3 RGEs
The renormalization group equations to one-loop order for all the parameters of the above theory
are presented below and are categorized by the type of coupling
3.3.1 Gauge Couplings
16pi2
d
dt
g1 = 24g
3
1 16pi
2 d
dt
gL = (4 + nΦ) g
3
L
16pi2
d
dt
gR = (4 + nΦ) g
3
R 16pi
2 d
dt
g3 = −3g
3
3
(43)
3.3.2 Yukawa Couplings
16pi2
d
dt
ha = ha
[
2h†bhb −
1
6
g21 − 3g
2
R − 3g
3
L −
16
3
g23
]
+ hb
[
Tr
(
3h†bha + h
′†
b h
′
a
)
+ 2h†bha + 4
(
µα †Φ µ
α
Φ
)
ba
]
(44)
16pi2
d
dt
h′a = h
′
a
[
6f †c fc + 2h
′†
b h
′
b −
3
2
g21 − 3g
2
R − 3g
2
L
]
+ 6ff †h′a
+ h′b
[
2h′†b h
′
a + Tr
(
3h†bha + h
′†
b h
′
a
)
+ 4
(
µα †Φ µ
α
Φ
)
ba
]
(45)
16pi2
d
dt
f = f
[
6f †f + 2h′ ∗a h
′T
a + 2Tr
(
f †f
)
+ µα ∗∆ µ
α
∆ −
9
2
g21 − 7g
2
L
]
+
[
6ff † + 2h′ah
′†
a
]
f (46)
16pi2
d
dt
fc = fc
[
6f †c fc + 2h
′†
a h
′
a + 2Tr
(
f †c fc
)
+ µα ∗∆cµ
α
∆c −
9
2
g21 − 7g
2
R
]
+
[
6fcf
†
c + 2h
′T
a h
′ ∗
a
]
fc (47)
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16pi2
d
dt
µα∆ = µ
α
∆
[
2Tr
(
f †f
)
+ 2µβ ∗∆ µ
β
∆ − 6g
2
1 − 8g
2
L
]
+ µβ∆
[
3µβ ∗∆ µ
α
∆ + 3µ
β ∗
∆cµ
α
∆c + 8Tr
(
µβ †Φ µ
α
Φ
)
+
1
2
(
Y βµν
)∗
Y αµν
]
(48)
16pi2
d
dt
µα∆c = µ
α
∆c
[
2Tr
(
f †c fc
)
+ 2µβ ∗∆cµ
β
∆c − 6g
2
1 − 8g
2
R
]
+ µβ∆c
[
3µβ ∗∆ µ
α
∆ + 3µ
β ∗
∆cµ
α
∆c + 8Tr
(
µβ †Φ µ
α
Φ
)
+
1
2
(
Y βµν
)∗
Y αµν
]
(49)
16pi2
d
dt
µαΦab = µ
α
Φac
[
Tr
(
3h†chb + h
′ †
c h
′
b
)
+ 4
(
µβ †Φ µ
β
Φ
)
cb
]
+
[
Tr
(
3hah
†
c + h
′
ah
′ †
c
)
+ 4
(
µβΦµ
β †
Φ
)
ac
]
µαΦcb
+ µβΦab
[
3µβ ∗∆ µ
α
∆ + 3µ
β ∗
∆cµ
α
∆c + 8Tr
(
µβ †Φ µ
α
Φ
)
+
1
2
(
Y βµν
)∗
Y αµν
]
+ µαΦab
[
−3g2L − 3g
2
R
]
(50)
16pi2
d
dt
Y αβγ = Y αβρ
[
3µρ ∗∆ µ
γ
∆ + 3µ
ρ ∗
∆cµ
γ
∆c + 8Tr
(
µρ †Φ µ
γ
Φ
)
+
1
2
(Y ρµν)∗Y γµν
]
+ Y γβρ
[
3µρ ∗∆ µ
α
∆ + 3µ
ρ ∗
∆cµ
α
∆c + 8Tr
(
µρ †Φ µ
α
Φ
)
+
1
2
(Y ρµν)∗Y αµν
]
+ Y αγρ
[
3µρ ∗∆ µ
β
∆ + 3µ
ρ ∗
∆cµ
β
∆c + 8Tr
(
µρ †Φ µ
β
Φ
)
+
1
2
(Y ρµν)∗Y βµν
]
(51)
3.3.3 Mass Terms
16pi2
d
dt
M∆ = M∆
[
2Tr
(
f †f
)
+ 2µα ∗∆ µ
α
∆ − 6g
2
1 − 8g
2
L
]
(52)
16pi2
d
dt
M∆c = M∆c
[
2Tr
(
f †c fc
)
+ 2µα ∗∆cµ
α
∆c − 6g
2
1 − 8g
2
R
]
(53)
16pi2
d
dt
MΦab = MΦac
[
Tr
(
3h†chb + h
′ †
c h
′
b
)
+ 4
(
µβ †Φ µ
β
Φ
)
cb
]
+MΦab
(
−6g2L − 6g
2
R
)
+
[
Tr
(
3hah
†
c + h
′
ah
′ †
c
)
+ 4
(
µβΦµ
β †
Φ
)
ac
]
MΦcb (54)
16pi2
d
dt
MαβS = M
αρ
S
[
3µρ ∗∆ µ
β
∆ + 3µ
ρ ∗
∆cµ
β
∆c + 8Tr
(
µρ †Φ µ
β
Φ
)
+
1
2
(Y ρµν)∗Y βµν
]
+ MβρS
[
3µρ ∗∆ µ
α
∆ + 3µ
ρ ∗
∆cµ
α
∆c + 8Tr
(
µρ †Φ µ
α
Φ
)
+
1
2
(Y ρµν)∗Y αµν
]
(55)
3.3.4 Linear Term
16pi2
d
dt
Lα = Lρ
[
3µρ ∗∆ µ
α
∆ + 3µ
ρ ∗
∆cµ
α
∆c + 8Tr
(
µρ †Φ µ
α
Φ
)
+
1
2
(Y ρµν)∗Y αµν
]
(56)
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3.3.5 Gaugino Masses
16pi2
d
dt
M1 = 48M1g
2
1 16pi
2 d
dt
gL = (8 + 2nΦ)MLg
2
L
16pi2
d
dt
gR = (8 + 2nΦ)MRg
2
R 16pi
2 d
dt
g3 = −6M3g
2
3
(57)
3.3.6 Soft Breaking Trilinear A’s
16pi2
d
dt
AQa = AQa
[
2h†bhb −
1
6
g21 − 3g
2
L − 3g
2
R −
16
3
g23
]
+ 2hbh
†
bAQa
+ ha
[
4h†bAQb +
1
3
g21M1 + 6g
2
LML + 6g
2
RMR +
32
3
g23M3
]
+ 4AQbh
†
bha
+
[
Tr
(
3hah
†
b + h
′
ah
′†
b
)
+ 4
(
µαΦµ
α †
Φ
)
ab
]
AQb
+
[
Tr
(
6AQah
†
b + 2ALah
′†
b
)
+ 8
(
AαΦµ
α †
Φ
)
ab
]
hb (58)
16pi2
d
dt
ALa = ALa
[
6f †c fc + 2h
′†
b h
′
b −
3
2
g21 − 3g
2
L − 3g
2
R
]
+ h′a
[
12f †cAfc + 4h
′†
b ALb + 3g
2
1M1 + 6g
2
LML + 6g
2
RMR
]
+
[
6ff † + 2h′bh
′†
b
]
ALa +
[
12Aff
† + 4ALbh
′†
b
]
h′a
+ ALb
[
Tr
(
3h†bha + h
′†
b h
′
a
)
+ 4
(
µα †Φ µ
α
Φ
)
ba
]
+ h′b
[
Tr
(
6h†bAQa + 2h
′†
b ALa
)
+ 8
(
µα †Φ A
α
Φ
)
ba
]
(59)
16pi2
d
dt
Af = Af
[
6f †f + 2h′ ∗a h
′T
a + 2Tr
(
f †f
)
+ µα ∗∆ µ
α
∆ −
9
2
g21 − 7g
2
L
]
+ f
[
12f ∗Af + 4h
′ ∗
a A
T
La + 4Tr
(
f †Af
)
+ 2µα ∗∆ A
α
∆ + 9g
2
1M1 + 14g
2
LML
]
+
[
6ff † + 2h′ah
′†
a
]
Af +
[
12Aff
† + 4ALah
′†
a
]
f (60)
16pi2
d
dt
Afc = Afc
[
6f †c fc + 2h
′†
ah
′
a + 2Tr
(
f †c fc
)
+ µα ∗∆cµ
α
∆c −
9
2
g21 − 7g
2
R
]
+ fc
[
12f †cAfc + 4h
′†
aALa + 4Tr
(
f †cAfc
)
+ 2µα ∗∆cA
α
∆c + 9g
2
1M1 + 14g
2
RMR
]
+
[
6fcf
†
c + 2h
′T
a h
′ ∗
a
]
Afc +
[
12Afcf
†
c + 4A
T
Lah
′ ∗
a
]
fc (61)
16pi2
d
dt
Aα∆ = A
α
∆
[
2Tr
(
f †f
)
+ 2µβ ∗∆ µ
β
∆ − 6g
2
1 − 8g
2
L
]
+ µα∆
[
4Tr
(
f †Af
)
+ 4µβ ∗∆ A
β
∆ + 12g
2
1M1 + 16g
2
LML
]
+ Aβ∆
[
3µβ ∗∆ µ
α
∆ + 3µ
β ∗
∆cµ
α
∆c + 8Tr
(
µβ †Φ µ
α
Φ
)
+
1
2
(
Y βµν
)∗
Y αµν
]
+ µβ∆
[
6µβ ∗∆ A
α
∆ + 6µ
β ∗
∆cA
α
∆c + 16Tr
(
µβ †Φ A
α
Φ
)
+
(
Y βµν
)∗
AαµνS
]
(62)
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16pi2
d
dt
Aα∆c = A
α
∆c
[
2Tr
(
f †c fc
)
+ 2µβ ∗∆cµ
β
∆c − 6g
2
1 − 8g
2
R
]
+µα∆c
[
4Tr
(
f †cAfc
)
+ 4µβ ∗∆cA
β
∆c + 12g
2
1M1 + 16g
2
RMR
]
+Aβ∆c
[
3µβ ∗∆ µ
α
∆ + 3µ
β ∗
∆cµ
α
∆c + 8Tr
(
µβ †Φ µ
α
Φ
)
+
1
2
(
Y βµν
)∗
Y αµν
]
+µβ∆c
[
6µβ ∗∆ A
α
∆ + 6µ
β ∗
∆cA
α
∆c + 16Tr
(
µβ †Φ A
α
Φ
)
+
(
Y βµν
)∗
AαµνS
]
(63)
16pi2
d
dt
AαΦab = A
α
Φac
[
Tr
(
3h†chb + h
′ †
c h
′
b
)
+ 4
(
µβ †Φ µ
β
Φ
)
cb
]
+ µαΦac
[
Tr
(
6h†cAQb + 2h
′ †
c ALb
)
+ 8
(
µβ †Φ A
β
Φ
)
cb
]
+
[
Tr
(
3hah
†
c + h
′
ah
′ †
c
)
+ 4
(
µβΦµ
β †
Φ
)
ac
]
AαΦcb
+
[
Tr
(
6AQah
†
c + 2ALah
′ †
c
)
+ 8
(
AβΦµ
β †
Φ
)
ac
]
µαΦcb
+ AαΦab
[
−3g2L − 3g
2
R
]
+ µαΦab
[
6g2LML + 6g
2
RMR
]
+ AβΦab
[
3µβ ∗∆ µ
α
∆ + 3µ
β ∗
∆cµ
α
∆c + 8Tr
(
µβ †Φ µ
α
Φ
)
+
1
2
(
Y βµν
)∗
Y αµν
]
+ µβΦab
[
6µβ ∗∆ A
α
∆ + 6µ
β ∗
∆cA
α
∆c + 16Tr
(
µβ †Φ A
α
Φ
)
+
(
Y βµν
)∗
AαµνS
]
(64)
16pi2
d
dt
AαβγS = A
αβρ
S
[
3µρ ∗∆ µ
γ
∆ + 3µ
ρ ∗
∆cµ
γ
∆c + 8Tr
(
µρ †Φ µ
γ
Φ
)
+
1
2
(Y ρµν)∗Y γµν
]
+ Y αβρ
[
6µρ ∗∆ A
γ
∆ + 6µ
ρ ∗
∆cA
γ
∆c + 16Tr
(
µρ †Φ A
γ
Φ
)
+ (Y ρµν)∗AγµνS
]
+ AγβρS
[
3µρ ∗∆ µ
α
∆ + 3µ
ρ ∗
∆cµ
α
∆c + 8Tr
(
µρ †Φ µ
α
Φ
)
+
1
2
(Y ρµν)∗Y αµν
]
+ Y γβρ
[
6µρ ∗∆ A
α
∆ + 6µ
ρ ∗
∆cA
α
∆c + 16Tr
(
µρ †Φ A
α
Φ
)
+ (Y ρµν)∗AαµνS
]
+ AαγρS
[
3µρ ∗∆ µ
β
∆ + 3µ
ρ ∗
∆cµ
β
∆c + 8Tr
(
µρ †Φ µ
β
Φ
)
+
1
2
(Y ρµν)∗Y βµν
]
+ Y αγρ
[
6µρ ∗∆ A
β
∆ + 6µ
ρ ∗
∆cA
β
∆c + 16Tr
(
µρ †Φ A
β
Φ
)
+ (Y ρµν)∗AβµνS
]
(65)
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3.3.7 Soft Breaking Bilinear B’s
16pi2
d
dt
B∆ = B∆
[
2Tr
(
f †f
)
+ 2µα ∗∆ µ
α
∆ − 6g
2
1 − 8g
2
L
]
+M∆
[
4Tr
(
f †Af
)
+ 4µα ∗∆ A
α
∆ + 12g
2
1M1 + 16g
2
LML
]
+ µα∆
[
6µα ∗∆ B∆ + 6µ
α ∗
∆cB∆c + 16Tr
(
µα †Φ BΦ
)
+ (Y αµν)∗BµνS
]
(66)
16pi2
d
dt
B∆c = B∆c
[
2Tr
(
f †c fc
)
+ 2µα ∗∆cµ
α
∆c − 6g
2
1 − 8g
2
R
]
+M∆c
[
4Tr
(
f †cAfc
)
+ 4µα ∗∆cA
α
∆c + 12g
2
1M1 + 16g
2
RMR
]
+ µα∆c
[
6µα ∗∆ B∆ + 6µ
α ∗
∆cB∆c + 16Tr
(
µα †Φ BΦ
)
+ (Y αµν)∗BµνS
]
(67)
16pi2
d
dt
BΦab = BΦac
[
Tr
(
3h†chb + h
′†
c h
′
b
)
+ 4
(
µα †Φ µ
α
Φ
)
cb
]
+MΦac
[
Tr
(
6h†cAQb + 2h
′†
c ALb
)
+ 8
(
µα †Φ A
α
Φ
)
cb
]
+
[
Tr
(
3hah
†
c + h
′
ah
′†
c
)
+ 4
(
µαΦµ
α †
Φ
)
ac
]
BΦcb
+
[
Tr
(
6AQah
†
c + 2ALah
′†
c
)
+ 8
(
AαΦµ
α †
Φ
)
ac
]
MΦcb
+ µρΦab
[
6µρ ∗∆ B∆ + 6µ
ρ ∗
∆cB∆c + 16Tr
(
µρ †Φ BΦ
)
+ (Y ρµν)∗BµνS
]
+ BΦab
[
−3g2L − 3g
2
R
]
+ MΦab
[
6g2LML + 6g
2
RMR
]
(68)
16pi2
d
dt
BαβS = B
αρ
S
[
3µρ ∗∆ µ
β
∆ + 3µ
ρ ∗
∆cµ
β
∆c + 8Tr
(
µρ †Φ µ
β
Φ
)
+
1
2
(Y ρµν)∗Y βµν
]
+ MαρS
[
6µρ ∗∆ A
β
∆ + 6µ
ρ ∗
∆cA
β
∆c + 16Tr
(
µρ †Φ A
β
Φ
)
+ (Y ρµν)∗AβµνS
]
+ BβρS
[
3µρ ∗∆ µ
α
∆ + 3µ
ρ ∗
∆cµ
α
∆c + 8Tr
(
µρ †Φ µ
α
Φ
)
+
1
2
(Y ρµν)∗Y αµν
]
+ MβρS
[
6µρ ∗∆ A
α
∆ + 6µ
ρ ∗
∆cA
α
∆c + 16Tr
(
µρ †Φ A
α
Φ
)
+ (Y ρµν)∗AαµνS
]
+ Y αβρ
[
6µρ ∗∆ B∆ + 6µ
ρ ∗
∆cB∆c + 16Tr
(
µρ †Φ BΦ
)
+ (Y ρµν)∗BµνS
]
(69)
3.3.8 Soft Breaking Masses
Since each of the RGEs for the soft breaking masses have the following term in common, it is
convenient to define
S3 ≡ 4Tr
(
m2Q −m
2
Qc −m
2
L +m
2
Lc
)
+ 12
(
m2∆ −m
2
∆¯ −m
2
∆c +m
2
∆¯c
)
16pi2
d
dt
m2Q = 2m
2
Qhah
†
a + ha
[
2h†am
2
Q + 4h
†
bm
2
Φab + 4m
2
Qch
†
a
]
+ 4AQaA
†
Qa −
1
3
M1M
†
1g
2
1 − 6MLM
†
Lg
2
L −
32
3
M3M
†
3g
2
3 +
1
8
g21S3 (70)
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16pi2
d
dt
m2Qc = 2m
2
Qch
†
aha + h
†
a
[
2ham
2
Qc + 4hbm
2
Φba + 4m
2
Qha
]
+ 4A†QaAQa −
1
3
M1M
†
1g
2
1 − 6MRM
†
Rg
2
R −
32
3
M3M
†
3g
2
3 −
1
8
g21S3 (71)
16pi2
d
dt
m2L = 6m
2
Lff
† + f
[
6f †m2L + 12
(
m2L
)T
f † + 12f †m2∆
]
+ 2m2Lh
′
ah
′ †
a + h
′
a
[
2h′ †a m
2
L + 4m
2
Lch
′ †
a + 4h
′ †
b m
2
Φab
]
+ 12AfA
†
f + 4ALaA
†
La − 3M1M
†
1g
2
1 − 6MLM
†
Lg
2
L −
3
8
g21S3 (72)
16pi2
d
dt
m2Lc = 6m
2
Lcf
†
c fc + f
†
c
[
6fcm
2
Lc + 12
(
m2Lc
)T
fc + 12fcm
2
∆c
]
+ 2m2Lch
′ †
a h
′
a + h
′ †
a
[
2h′am
2
Lc + 4m
2
Lh
′
a + 4h
′
bm
2
Φba
]
+ 12A†fcAfc + 4A
†
LaALa − 3M1M
†
1g
2
1 − 6MRM
†
Rg
2
R +
3
8
g21S3 (73)
16pi2
d
dt
m2∆ = Tr
[
4f †fm2∆ + 8f
†m2Lf
]
+ µα ∗∆
[
2µα∆m
2
∆ + 2µ
α
∆m
2
∆¯ + 2µ
β
∆
(
m2S
)βα ]
+ 4Tr
(
A†fAf
)
+ 2Aα ∗∆ A
α
∆ − 12M1M
†
1g
2
1 − 16MLM
†
Lg
2
L +
3
4
g21S3 (74)
16pi2
d
dt
m2∆¯ = µ
α ∗
∆
[
2µα∆m
2
∆¯ + 2µ
α
∆m
2
∆ + 2µ
β
∆
(
m2S
)βα ]
+ 2Aα ∗∆ A
α
∆ − 12M1M
†
1g
2
1 − 16MLM
†
Lg
2
L −
3
4
g21S3 (75)
16pi2
d
dt
m2∆c = Tr
[
4fcf
†
cm
2
∆c + 8fcm
2
Lcf
†
c
]
+ µα ∗∆c
[
2µα∆cm
2
∆c + 2µ
α
∆cm
2
∆¯c + 2µ
β
∆c
(
m2S
)βα ]
+ 4Tr
(
AfcA
†
fc
)
+ 2Aα ∗∆cA
α
∆c − 12M1M
†
1g
2
1 − 16MRM
†
Rg
2
R −
3
4
g21S3 (76)
16pi2
d
dt
m2∆¯c = µ
α ∗
∆c
[
2µα∆cm
2
∆¯c + 2µ
β
∆c
(
m2S
)βα
+ 2µα∆cm
2
∆c
]
+ 2Aα ∗∆cA
α
∆c − 12M1M
†
1g
2
1 − 16MRM
†
Rg
2
R +
3
4
g21S3 (77)
16pi2
d
dt
m2Φab = m
2
Φac
[
Tr
(
3h†chb + h
′†
c h
′
b
)
+ 4
(
µβ †Φ µ
β
Φ
)
cb
]
+
[
Tr
(
3h†ahc + h
′†
a h
′
c
)
+ 4
(
µβ †Φ µ
β
Φ
)
ac
]
m2Φcb
+Tr
[
6h†ahbm
2
Qc + 6h
†
am
2
Qhb + 2h
′ †
a h
′
bm
2
Lc + 2h
′ †
a m
2
Lh
′
b + 6A
†
QaAQb + 2A
†
LaALb
]
+ 8
[
µαΦm
2
Φµ
α †
Φ
]
ba
+ 8
[
µα †Φ µ
β
Φ
]
ab
(
m2S
)βα
+ 8
[
Aβ †Φ A
β
Φ
]
ab
−δab
[
6g2LMLM
†
L + 6g
2
RMRM
†
R
]
(78)
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16pi2
d
dt
(
m2S
)αβ
=
(
m2S
)αρ [
3µρ ∗∆ µ
β
∆ + 3µ
ρ ∗
∆cµ
β
∆c + 8Tr
(
µρ †Φ µ
β
Φ
)
+
1
2
(Y ρµν)∗Y βµν
]
+
[
3µα ∗∆ µ
ρ
∆ + 3µ
α ∗
∆cµ
ρ
∆c + 8Tr
(
µα †Φ µ
ρ
Φ
)
+
1
2
(Y αµν)∗Y ρµν
] (
m2S
)ρβ
+ 6µα ∗∆ µ
β
∆m
2
∆¯ + 6µ
α ∗
∆ µ
β
∆m
2
∆ + 6µ
α ∗
∆cµ
β
∆cm
2
∆¯c + 6µ
α ∗
∆cµ
β
∆cm
2
∆c
+ 32Tr
(
µα †Φ µ
β
Φm
2
Φ
)
+ 2(Y αρµ)∗Y βρν
(
m2S
)νµ
+ 6Aα ∗∆ A
β
∆ + 6A
α ∗
∆cA
β
∆c + 16Tr
(
Aα †Φ A
β
Φ
)
+ (AαµνS )
∗AβµνS (79)
4 Conclusion
In this paper we have calculated the RGEs to one loop order for two different types of SUSYLR
models–one which breaks SU(2)R via doublets and the other using triplets. These equations
should prove to be useful tools for relating the details of SUSYLR models to observable phe-
nomena, thereby constraining the parameter space and perhaps verifying if SUSYLR models are
viable extensions of the standard model.
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